Shadowing effects caused by the obstructing presence of a human body can result in increased path loss in indoor wireless systems. This paper proposes a simplified model of a human body for use in ray-tracing simulations of indoor wireless communication systems based on the uniform theory of diffraction (UTD). The human body shadowing effect was first investigated using measurements and computer simulations employing the finite-difference time-domain method (FDTD). Based on the results, a human body model was elaborated for use in ray-based Remcom XGtd software. The model was developed for the 3.6 GHz band, which has been allocated for 5G wireless systems in many countries.
Introduction
Wireless systems used for personal communication utilize a wide range of frequency bands, from 800 MHz to 6 GHz. There are important considerations for the designers of wireless systems operating in this range in close proximity to people. For example, the absorption of electromagnetic energy can cause rises in tissue temperature and requires careful monitoring. The absorption of electromagnetic energy can, furthermore, have a significant influence on path loss between the wireless transceivers. The impedance and radiation patterns of the antennas may also be affected by proximity to a human body. Designers of personal cellular communication systems, in which the transmitted power of the portable terminals reaches several watts, have focused mainly on analysis of the specific absorbance rate (SAR) and the influence of the human body on antenna properties. For designers of wireless sensor networks, which utilize low-power miniature transceivers located on the body, path loss is a more important factor.
The body shadowing effect can also impact the performance of wireless systems located at greater distances from people. It becomes a consideration when the distances between the transmitter and the receiver are large enough to include in their geometry the possible presence of humans, such as in the case of off-body transmission in wireless body area networks, where other people in the same area may influence the transmission path. The same effect can also be a factor in wireless systems that operate close to people but do not use on-body transceivers. In such systems, the Line-of-Sight (LOS) components of the radio signal are susceptible to human body shadowing and the received signal fluctuates slowly around a mean value in displacements of hundreds of wavelengths [1, 2] . Shadowing occurs due to the blocking of LOS components by a human body located between the transmitter and receiver. This effect is presented in Figure 1 , where the transmitter and receiver can operate either under LOS conditions (Figure 1(a) ) or in the presence of a body that shadows the transmitted signal (Figure 1(b) ).
The body shadowing effect has been the subject of extensive studies in recent years, due to the growing popularity of wireless systems designed to work in close proximity to people [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Different models have been developed, taking into account not only the effect of human body shadowing on time variation, but also other factors in the indoor environment which can influence the propagation of the signal [3] [4] [5] . A number of studies have applied the experimental approach to measure the path loss introduced by human bodies, for a wide range of frequencies and in a variety of geometrical scenarios [6] [7] [8] . The results have then been used to define the parameters of propagation models in a deterministic way [9, 10] .
The body shadowing effect influences the properties of wireless channels and should be considered in the design stage. The design of wireless networks is now supported by computer programs which simulate the propagation of electromagnetic waves between the transmitters and receivers. These simulations can provide information concerning path loss in a particular propagation environment, which may enable the reliability of the wireless system to be improved dramatically. To simulate wireless systems operating in large areas, such as buildings or streets in built-up areas, ray-based computer programs are used, which employ the concepts of energy transmission, reflection, and diffraction. These can model the effects of electromagnetic wave propagation in very large objects, which would be impossible using Maxwell's equations.
In this paper, a human body model is presented that can be used in a ray-based computer program that utilizes the uniform theory of diffraction (UTD) to model the body shadowing effect. The model was developed for the 3.6 GHz band because this frequency range is being considered for fifth generation (5G) wireless systems in many countries in Europe, including Poland. The Radio Spectrum Policy Group identifies the 3.6 GHz band as the primary band for the introduction of 5G in Europe, even before 2020 [11] . To identify the model parameters, the body shadowing effect was first investigated using measurements and computer simulations employing the finite-difference time-domain method (FDTD). Based on the results, a human body model was elaborated for use in ray-based Remcom XGtd software.
Materials and Methods
2.1. Measurement of the Body Shadowing Effect. The body shadowing effect was first examined via measurements. The measurement setup was configured according to the schema in Figure 2 . The transmitting and receiving antennas were connected to an Anritsu MS4644B vector network analyzer, which measured the transmittance between the two ports (the module of parameter S21 of the scattering matrix). The calibration plane was on the connectors of the antennas, so the influence of the feeding cables was eliminated. Rohde & Schwarz HF907 measurement antennas were used. These compact broadband double-ridged waveguide horn antennas have a directional radiation pattern and linear polarization. To investigate the influence of a human body on signal transmission, measurements were initially performed in the freespace condition and then with body shadowing. In the latter case, a human subject was positioned between the transmitting and receiving antennas. Measurements were performed for two orientations of the body (see Figure 2 ). In the first orientation, the front of the human subject faced the receiving antenna. In the second orientation, the left arm of the human subject was on the side of the receiving antenna.
To avoid the influence of walls, measurements were carried out in a small semianechoic chamber. Figure 3 presents the measurement setup. The distance between the antennas was limited by the size of the chamber to 2.26 m, and the The results of body shadowing measurements obtained in the frequency domain are presented in Figure 4 . The measurements were carried out in the 2 GHz to 4 GHz band. In further investigations, the 3.6 GHz frequency was considered because of its importance for 5G systems. This band is marked in Figure 4 with a red dotted line. The free-space loss for this particular frequency was 33 dB. This corresponds very well with the theoretical value for free-space path loss that in the considered case is 31.6 dB. The path loss for body orientation 1 was 44 dB, and for orientation 2, path loss was 49 dB. These values were taken as the references for further investigations of the body shadowing effect using computer simulations. The use of the Fourier transform to analyze the simulation results in the time domain makes it possible to calculate object parameters in a wide range of frequencies on the basis of a single simulation [12, 13] . The simulations of body shadowing presented here were performed using Remcom's XFdtd™ software [14] , which employs the FDTD method. This software enables the simulation of diverse objects segmented into cubic volumetric elements (voxels), following the method suggested by Yee [15] .
The finite-difference time-domain method enables modeling of objects composed of diverse materials, which is why it is recommended in studies of the influence of electromagnetic waves on human bodies [16] . Many numerical models employing FDTD have been developed for the purpose of simulating the human body. These differ mainly in terms of the number of modeled tissues and the anatomical accuracy of the body structure [17] . The analyses presented in this paper utilize the NMR Hershey model, which is accessible in XFdtd software in several versions, with voxel sizes varying from 1 mm to 10 mm.
The software performs a segmentation of the simulated object into voxels, with dimensions corresponding to the length of the electromagnetic waves which penetrate the object under analysis. Appropriate selection of the elementary cell size into which the object is divided is of primary importance for the accuracy of the calculations. A commonly applied rule is to assume the length of the side of the cell to be equal to one-tenth of the length of the shortest electromagnetic wave analyzed in the simulations λ min :
where λ min is the length of the shortest wave in the model, c 0 is the speed of light in a vacuum, f c is wave frequency, μ r is the maximum relative magnetic permeability of the model object, and ε r is the maximum relative electric permittivity of the model object. The need to model the entire simulation domain using voxels with side lengths that are a faction of the wavelength in size limits the usability of this method for problems that are of a physical size comparable to tens or at least hundreds of the wavelength. This is due to the fact that the computer memory needed for simulations has to be large enough to store the data describing the material properties and electromagnetic field parameters for all the voxels in the simulation domain. For simulations that include human body models, the effect of shortening the wave in the dielectric makes the voxel size very small. For an average human body, the relative electric permittivity of the model material is ε = 38 5, whereas its specific conductance is σ = 2 4 S/m. These values are typical for models used in tests of cellular system terminals [18] and can be used to approximate the average wavelength when it passes through a human body. At a frequency of 3.6 GHz, the average wavelength in a human body according to (1) is λ min = 13 4 mm. The average voxel size should then be 1.34 mm. The amount of computer memory needed to model only the volume of the body of an adult man, 1.8 m in height, at 3.6 GHz is 5.8 GB. 
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XFdtd software makes it possible to segment the simulated object into elements with identical dimensions as well as to increase the local grid density for selected spatial variable ranges (x, y, and z in the Cartesian coordinate system). Hence, it is possible to adjust the voxel size to the length of the wave in a particular object. In the simulations made for this study, the voxel size for the body model was 1.34 mm and for the air volume 8 mm. The antennas were modeled with 0.5 mm voxels, which are suitable for thin wires. To model the geometry of the measurement experiment, the amount of computer memory required was 11 GB. This allowed the simulations to be run on a computer equipped with two Nvidia Tesla 2070 GPU cards with multicore processors (448 cores) capable of running massively parallel computations and with 6 GB of memory each. The simulation time was 70 min.
The Rohde & Schwarz HF907 antennas that were used in the measurements have a complex structure (see Figure 3 ), which enable them to achieve wide bandwidth operation covering a frequency range from 0.8 GHz to 18 GHz. Due to the complex shape of the inner elements inserted into the horn, it was not possible to measure precisely the dimensions of the hidden parts, as would be necessary to model this antenna in XFdtd software. Instead, a simple corner reflector antenna was modeled for the 3.6 GHz frequency, which has very similar electric parameters to the broadband horn antenna. The geometry of the corner reflector antenna is presented in Figure 5 .
Both antennas have a directional radiation pattern and linear polarization (vertical in this experiment). They exhibit a gain of 9.5 dBi in the frequency of interest and good impedance matching (the VSWR of the horn antenna is 1.3 and that of the corner reflector antenna 1.45). A comparison of the radiation patterns of each antenna is provided in Figure 6 , where the gain values for linear, vertical polarization are shown, normalized to maximum values. For beamwidths of 90°in the vertical plane and of 60°in the horizontal plane, the difference between the gains of the two antennas is less than 1 dB. The beamwidth required for exposure of the whole body in the experimental setup to antenna radiation is 98°in the vertical plane and 32°in the horizontal plane (for body orientation number 1, according to Figure 2) . Because both the horn antenna and the corner reflector antenna have similar radiation patterns in this range of angles, it was assumed that the reflector antenna could be used in the XFdtd program to model radiation from the measurement antenna.
The measurement experiment was performed in an anechoic chamber with absorbers placed on the floor. To simulate this environment, the absorbing boundary condition was applied to simulations in XFdtd on each border of the simulation domain. The soles of the feet of the human body model were placed on the absorbing boundary.
The first stage of the numerical experiment conducted with XFdtd was performed with two corner reflector antennas, which were placed in the same positions relative to the body model as the horn antennas during the measurements. The path loss obtained at 3.6 GHz for body orientation 1 was 44 dB, and for body orientation 2, it was 51 dB. These values are very similar to those obtained in the measurement experiment, proving the adequacy of the model antenna.
The interaction of a human body with electromagnetic waves results in a complex spatial distribution of fields, depending on the distances involved and the orientation of the body towards the incident wave. Using the FDTD computer simulation method and with a heterogeneous model of the human body, it is possible to study the body shadowing effect with various distances between the body and the antenna. Simulations were made of the electric field spatial distribution around a human body placed in the line of the beam from a transmitting reflector antenna. In Figure 7 , the distribution of the electric field is presented for body orientation 1, while Figure 8 presents the same results for the body orientation 2. In the shadow region on the opposite side of the body to the transmitting antenna, the electric field intensity is significantly lower than that on the side of the transmitting antenna. The shadow region differs in terms of field intensity and spatial distribution depending on the spatial orientation of the body.
Another important factor influencing field intensity in the shadow region is distance from the body. To analyze this effect, simulations were made for different distances between the body and the receiving antenna. A reflector antenna was used for signal transmission, and a shortened half-wave dipole antenna in the vertical position was used for signal reception. This kind of receiving antenna was used because of its simple design and the possibility of placing it closer to the body than would be possible with a larger corner reflector antenna. A dipole antenna was also modeled, using a lower number of small voxels compared to the simulations of the corner reflector antenna (0.5 mm, suitable for modeling the thin dipole wire). This enabled simulation, within the available computational resources, of an antenna positioned at a distance of 1.7 m from the centre of the human body in body orientation 1. In the case of body orientation 2, it was possible to extend the distance to 2.1 m with the dipole The results of the path loss simulations with a reflector transmitting antenna and dipole receiving antenna are presented in Figure 9 . The measurements and simulations for the two reflector antennas were performed with a reference distance of 1.13 m from the body. This point is marked by a red dotted line in Figure 9 . At this point, the path loss for body orientation 1 was 51.5 dB, and for body orientation 2, it was 58.5 dB. These values are 7.5 dB higher than those 
Results and Discussion

Simulations of the Body Shadowing Effect
Using the Unified Theory of Diffraction. Simulations of the body shadowing effect using the FDTD method have limited applicability for the design of wireless systems. The very high demand for computer resources limits the physical size of the geometry that surrounds the body model in simulations. For the frequency of interest, 3.6 GHz, it was possible to simulate path loss for distances of only a few meters from the human body. This is too small a region to model the path loss in modern wireless systems, which operate at much larger distances, from few tens of meters to kilometers. Ray-based numerical methods are free from this limitation [19, 20] . They are capable of simulating interactions between large objects, even for very short waves, using the resources of a typical personal computer. This motivated the elaboration of a model of the human body for use in simulations of the shadowing effect using software applying ray-based methods for wireless system design.
The Remcom XGtd program was used for elaboration of the human body model [21] . This is a general purpose raybased electromagnetic analysis tool. Its capabilities include modeling the propagation of electromagnetic waves in the vicinity of complex objects (such as aircraft, vehicles, and anechoic chambers), performing antenna placement analysis, and determining the influence of objects on the far zone patterns of antennas. XGtd models the physical characteristics of objects and anechoic chambers, performs electromagnetic calculations, and then evaluates the signal propagation characteristics. It can be used to predict how the transmitters and receivers interact with large objects, calculating the signal strength, path loss, and far zone antenna gain.
In the XGtd program, the simulations are made by shooting rays from the transmitters and propagating them through the defined geometry of the modeled object. The rays interact with the geometrical features of the objects on their way to the receiver. Ray interactions that are simulated include reflections from feature faces, diffraction around feature edges, and transmission through feature faces. The raybased solvers use the uniform theory of diffraction (UTD) to evaluate the electric field along the ray path [22] [23] [24] . UTD provides accurate results when the scenario geometry is large compared to the wavelength of the propagating wave. For typical applications, UTD-based models provide accurate predictions from approximately 100 MHz to approximately 100 GHz. The X3D propagation model applied in XGtd includes atmospheric absorption, extending the validity of its wave propagation calculations up to millimeter wave frequencies. In each receiver location, contributions from arriving ray paths are combined and evaluated to determine predicted quantities such as electric and magnetic field strength, received power, interference measures, path loss, delay spread, direction of arrival, impulse response, electric field versus time, electric field versus frequency, and the power delay profile.
UTD is applicable for simulating the interaction of electromagnetic waves with objects of the size significantly greater than the wavelength. In the considered case of body shadowing at 3.6 GHz, this condition is satisfied because the height of the human body is approximately 20 times greater than the wavelength. The radii of the cylinders approximating the human body should be also significantly greater than the wavelength. For the considered frequency, the crosssectional diameter is only 1.8 times greater than the wavelength, which is at the limit of the UTD applicability range.
Despite the limitations outlined above, the UTD method was utilized to model the body shadowing effect in a 2.4 GHz band [3] . The authors considered different elementary objects like rectangular blade, parallelepiped, and cylinder to model the human body. It was possible to estimate only the mean attenuation introduced by the body, averaged over different placements of a person towards the transmitting antenna. These models do not take into account the orientation of the human body towards the ray. This may limit the accuracy of simulations obtained with such model in the case of systems operating in multipath environment, where the rays that are interacting with the human body may hit it from different angles. As shown above, the attenuation introduced by the body may differ between different body orientations up to 8 dB (see Figure 9) .
The model of the human body proposed here for use in the XGtd program is capable of simulating the body shadowing effect with respect to different orientations of the human body towards the ray. Simulation of the body shadowing effect in XGtd required a simplified model of a human body. For this purpose, a cylindrical model was developed that approximates the shape of the body using cylindrical objects. The cylindrical model of the body was originally created by the author for simulations using the FDTD method [25, 26] and for measurement experiments. It was shown in [25] with measurement results that this geometry gives a good The numerical experiment conducted in XGtd was based on the same geometric setup as the experiment made with XFdtd software. The transmitting antenna also had the same radiation pattern and gain as the reflector antenna used for the simulation in the XFdtd program. It was possible to import the radiation pattern of this antenna simulated in XFdtd to XGtd using the UAN file. The receiving antenna was again a half-wave dipole. The transmitting antenna was placed 1.13 m from the body and 1.3 m from the floor. The polarization of the wave was linear in the vertical plane.
As presented above, the initial measurement experiment was performed in an anechoic chamber with absorbers placed on the floor. The corresponding numerical experiment conducted in XFdtd also assumed no interaction between the wave and the floor because the absorbing boundary condition was defined at the level of the base of the human body. For the purpose of the simulations in XGtd, it was also assumed that there would be no interaction between the electromagnetic wave and either the floor or the base of the body. To achieve this, a model of the anechoic chamber was used in the XGtd simulation, surrounding the human body and the transmitting and receiving antennas. The anechoic chamber consisted of perfectly absorbing material. The dimensions of the chamber model were as follows: the width and depth 6 m and height 2.5 m.
The bottom floor of the chamber was at the same level as the base of the human body model. The material used to model the human body had the same properties as the simplified human body model used for the FDTD simulations [25, 26] . Its relative electric permittivity was ε = 52, and its specific conductance was σ = 1 8 S/m.
In the XGtd program, the cylinders are approximated as regular polygonal prisms with different numbers of side walls. The number of side walls utilized to approximate the cylindrical model of the human body had to be set up experimentally. For this reason, the simulations of path loss were performed with different numbers of faces (side walls) that approximated the cylinders. The number of polygonal prism faces examined here was in the range of 10-36. The number of side walls of arm cylinders and trunk cylinders was investigated, but it appeared that the model was more sensitive to the number of walls used in the trunk element and less sensitive to the approximation of arms. After making a number of simulations, the best approximation of the arm cylinders was found to be 12 side walls.
The influence of the number of sidewalls used in the trunk cylinder on the path loss simulations is presented in Figures 11 and 12 , comparing the results obtained for the same geometry in XFdtd, utilizing FDTD and the heterogeneous body model. In Figure 11 , the simulations were performed for the first orientation of the body towards the transmitting antenna (antenna directed towards the back of the body). In Figure 12 , the second orientation was examined (antenna is directed towards the arm).
To identify the variant of the model that gives the results similar to FDTD simulations, the analysis of median values of path loss was performed. In Table 1 , the median values are presented for the first body orientation while Table 2 presents results for the second orientation of the body. Median values of path loss were calculated for the distances where the body shadowing effect has the greatest influence to the path loss. Two ranges of distances from the body were considered: 0.5 m-1 m and 1 m-1.5 m. In Tables 1 and 2 , the results obtained with FDTD are the reference for the results given by UTD models. In columns c and e, the difference between the median values obtained from both methods are calculated. 
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The best results were obtained for the approximation of the main cylinder with 14 sides and arm cylinders with 12 sides (as presented in Figure 10 ). In this case, there are similar differences between FDTD and UTD simulations for both spatial orientations of the body and transmitting antenna. The average difference of median values obtained with this model and FDTD in two considered range of distances and two spatial configurations is 2.9 dB. For instance, in the case of the model where the main cylinder contains 10 side walls, there is a good correspondence to FDTD only in the second geometrical case (average difference is 1.2 dB), while in the first body orientation, it shows less correspondence to FDTD (average difference is 5.4 dB) than the 14-wall model.
The model with 14 side walls on the trunk was also verified in the reference point, where the measurements and FDTD simulations were compared. In Figure 11 , the reference distance for the dipole antenna at 1.13 m from the centre of the body is marked with a red dotted line. At this distance, the path loss calculated by the XFdtd program was 51.5 dB, while the value obtained in XGtd was 52.5 dB. At shorter distances from the body, the correspondence between the results obtained using the two methods was not worse than 3.5 dB. For the longest distance that could be simulated with XFdtd (1.7 m), the methods gave almost the same results.
The results for the second body alignment are shown in Figure 12 . In this case, the FDTD-based path loss for the reference point was 58.5 dB and that for UTD was 52 dB. The two methods gave very similar results for shorter distances, while for maximum distances from the body, there were differences of 3 dB between the simulations.
The CPU time needed to run the simulations in XGtd was 5 min using the same computer that was used for the simulations in XFdtd.
Simulations of the Wireless System Performance including Body Shadowing Effect with the Simplified Human Body
Model. The simplified body model that was proposed in this paper for body shadowing simulations can be applied for the analysis of wireless system performance in the presence of people. To show the potential application of this model, a case study was performed. It presents the influence of the presence of people on the system performance that was obtained with the UTD-based model of the human body.
The example presented below covers the simulation of path loss in a 5G network operating in the 3.6 GHz band. It was assumed that the system was designed to operate in the sport stadium where the number of people and their spatial density can vary significantly. In such large objects compared to the wavelength (in this case, the wavelength is 8.3 cm), only the ray-based electromagnetic analysis tool can be used. In this case, the XGtd program was applied together with the 14-wall simplified human body model to analyze the path loss. For simplicity of presentation, only a small section of the stadium was considered here. In Figure 13 , the section of the stadium 5 m by 4 m large is presented. In the considered case shown in Figure 13 (a), there are 5 people placed in one row while in the case in Figure 13 (b), 10 people occupy 2 parallel rows. The rows are elevated from each other by the level of 30 cm. In this simple case study, it was assumed that the transmitter would be placed 5 meters in front of the people. The path loss was simulated between one transmitter and the number of receivers that were located behind the row of spectators. This corresponds to the analysis that should be performed for the system coverage in the upper places of the stadium section. The receivers are distributed along the line of length equal to 2.5 m that was placed 1 m from the back of the people in the front row (blue dotted line in Figure 13 ). It was assumed that half-wave dipoles would be used in both the transmitter and receivers. The polarization of the wave was linear in the vertical plane. Figure 14 presents the path loss simulated for the receivers located along the line on the back of the people. The results were obtained for 3 cases: where no people were present, only 5 people were placed in one row (see Figure 13 (a)), and 10 people were placed in 2 rows (see Figure 13(b) ). In the first case, the path loss is almost constant along the receivers' line and equal to 59 dB. The case for which 5 people were placed in one row shows the increase of the path loss median value to 61.4 dB and a significant increase in path loss variance. For this case, standard deviation of the path loss was equal to 17 dB. With 10 people placed in 2 rows, the median value of path loss increased to 64.3 dB and standard deviation of the path loss was equal to 7.7 dB.
This case study shows the influence of the people's presence on the path loss in the wireless system that operates in 3.6 GHz. The difference in median value of path loss caused by the presence of people can reach 5 dB. The local differences in path loss can be higher than 20 dB.
Conclusions
This study sets out to investigate the effect of shadowing caused by obstruction of transmission paths in wireless International Journal of Antennas and Propagation systems by a human subject. The 3.6 GHz frequency was used, which is one of the bands being considered for 5G systems. The measurement results were used as the reference for computer simulations made with a full-wave FDTD-based program (XFdtd) with a heterogeneous human body model. The results obtained from the simulations for the reference point were very similar to the measurements from the two body orientations towards the transmitting and receiving antennas. This showed the validity of the FDTD model for simulating human body shadowing. Changes in path loss were then examined for different distances of the receiving antenna from the body. Due to the high computational demands of FDTD code and the limited computer resources available, it was possible to examine only very limited distances with this method, up to 2.1 m, depending on the body orientation. The results were then used as the reference for experiments made in a UTD-based computer program. Ray-based computer programs are widely used in the design of wireless systems operating in urban or indoor environments. They are capable of simulating electromagnetic effects at much larger distances from the transmitter than full-wave methods (such as FDTD). To simulate the body shadowing effect in a ray-based computer program, a simplified human body model was proposed. This approximates a body using polygonal prisms made from a dielectric material. The results obtained using this model corresponded to the data obtained with the full-wave FDTD method. For the first orientation of the human body towards the transmitter, the differences in path loss did not exceed 3 dB. For the second orientation, the difference 9 International Journal of Antennas and Propagation did not exceed 7 dB in the worst case, but for distances between the antenna and the body that exceeded 2 m, the difference was not greater than 3 dB.
The proposed model could be used for simulations of the influence of human bodies on wireless systems performed with ray-based programs. It is capable of simulating the body shadowing effect with respect to different orientations of the human body towards the ray. This is very relevant for analysis of the wireless coverage of 5G systems in multipath environment like the interiors of buildings. The small computational cost (5 minutes) of simulations performed with the proposed model of the human body makes such analysis possible even for large interiors.
The case study that was presented in the paper was performed with the proposed human body model. It shows the influence of the people's presence on the path loss in the wireless system that operates in 3.6 GHz. In the considered case, the difference in median value of path loss caused by the presence of people can reach 5 dB. The local differences in path loss can be higher than 20 dB. This justifies the need of simulation of human body shadowing on the system performance also in large objects.
The scope of the paper covers only the 3.6 GHz band. Further research will be carried out to investigate also other bands (2.1 GHz, 2.4 GHz, and 5.8 GHz) that are widely utilized in wireless sensor networks. Also, the analysis of other shapes of models with special attention to elliptical cylinders applied to human body modeling will be the subject of further investigation.
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